Objectives-Healthcare workers have high rates of low back pain (LBP) related to handling patients. A large chain of nursing homes experienced reduced biomechanical load, compensation claims and costs following implementation of a safe resident handling programme (SRHP). The aim of this study was to examine whether LBP similarly declined and whether it was associated with relevant self-reported occupational exposures or personal health factors.
INTRODUCTION
Healthcare workers have high rates of low back pain (LBP) related to handling patients. [1] [2] [3] [4] [5] There is mixed but primarily positive evidence that interventions to provide mechanical lifts to nursing workforces reduce LBP occurrence. Among the longitudinal studies that have examined LBP after introduction of mechanical lifts, most have considered compensation claim rates as the outcome. A 1-year follow-up period following intervention was reported in several studies [12] [13] [14] and longer periods by other investigators. Almost all of these observed a reduction in back injury claim rates and/or costs in association with lift usage, but one had mixed results. 10 Fewer studies have examined LBP symptoms as an intervention outcome. Two reported symptom reduction within 1 year, 419 and another showed improvement in musculoskeletal comfort within 6 months postintervention. 17 A fourth found no benefit but was judged in one review to be flawed methodologically. 6 Thus, there is a dearth of evidence regarding within-individual change in back pain status among healthcare workers provided with lifting device programmes, and few studies with extended follow-up after programme implementation. Further, we can find no published reports of whether personal health factors (eg, obesity) might modify programme effect on back pain at an individual level.
We have recently evaluated a multifaceted safe resident handling programme (SRHP) implemented by a large chain of skilled nursing facilities in the USA. The primary components of this programme were the provision of sufficient mechanical lifts for the specific residents in each centre, protocols for equipment and sling maintenance, and training. 20 A detailed description of the programme was previously published. 20 Pre-postintervention observational analyses showed reductions in observed ergonomic exposures and biomechanical load, and in workers' compensation claim rates and costs within 3 years following the SRHP. [20] [21] [22] Repeated workforce surveys in selected facilities of this company provided an opportunity to examine LBP prevalence and risk for up to 6 years after the SRHP was introduced. This longitudinal cohort enabled investigation of the following aims:
1.
To examine whether there was a reduction in LBP prevalence and risk following SRHP implementation, concurrent with the effect on workers' compensation claim rates.
2.
To examine whether LBP prevalence and risk following SRHP implementation were associated with self-reported lift device usage, other occupational exposures and/or health behaviours.
METHODS

Study cohort and survey instrument
This study was part of the 'ProCare' study of nursing home employee health which began in 2006 and was approved by the Institutional Review Board of the University of Massachusetts Lowell (approvals 06-1403 and 12-056). The study population consisted of workers from multiple facilities within a single company; only those employed directly by the company were included, as previously described. 23 By design, the vast majority of study respondents (eg, 87% at 2 years post-SRHP introduction) consisted of clinical staff, specifically nurses and nursing aides.
Questionnaires were self-administered at all survey periods (see next paragraph). Items included demographic characteristics (age, race, gender, marital status, years of education, height, weight), physical and psychosocial work exposures, recent medical history (prior back injury, chronic disease), work-family imbalance, holding a second job, years of seniority, job title, and health behaviours such as smoking status (current/former/never) and frequency of intense aerobic exercise.
The baseline survey was conducted in the week that the SRHP was implemented. For this report, we used data from surveys conducted at baseline (F0) and at 1 year (F2), 2 years (F3) and 5-6 years (F5) after baseline. Owing to design requirements of the continued study, four of the centres surveyed at F3 were not surveyed at F5.
Outcome and exposure assessment and variable construction
The study outcome, LBP, was defined as pain in the low back region during the past 3 months (as indicated on a pain diagram), with at least mild severity during the prior week.
Frequency of intense aerobic exercise was assessed through the question, 'How many times a week on average do you exercise to work up a sweat (at least 20 min per session, eg, fast walking, jogging, bicycling, swimming, rowing, etc)?'. 'Chronic disease' was defined as a diagnosis or treatment for any of: diabetes, hypertension, high cholesterol. Body mass index (BMI) categories were defined in the standard way. 24 A composite score for occupational physical exposure (range [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] was constructed as the mean of five self-reported items (heavy lifting, rapid continuous physical activity, whole body awkward posture, head and arm awkward posture, and kneeling/squatting) assessed on a four-point Likert scale. Decision latitude (range 2-8), psychological job demands (range 2-8) and social support (sum of coworker support and supervisor support; range 4-16) were assessed through a short version of the Job Content Questionnaire (JCQ). 25 Frequency of lift usage was assessed through the question, 'In general, when you move patients, how often do you use a patient lifting device?'. Possible responses included 'never', 'rarely', 'sometimes', 'often' and 'always'. Lift usage frequency was dichotomised into always/often/ sometimes=1, and never/rarely=0 in modelling (see below). Work-family imbalance, perceived safety at work (safety climate) and physical assault were defined as previously described. 26 Schedule control (range 2-8) was defined as the sum of two Likert-scale items extracted from: 27 'I have a lot to say about how many hours I work per week, including overtime', and 'I have a lot to say about which shifts I work (day, afternoon, or evening)'.
Data analysis
The surveys were linked at the individual level (SAS MERGE command). Prevalent LBP was assessed at 2-year follow-up (F3) and incident LBP was assessed at 6-year follow-up (F5). The prospective analysis of incident LBP in F5 was restricted to those workers who had been surveyed on at least one prior occasion (F0, F2 or F3).
Those with current treatment for low back disease or spinal problem or any prior back surgery were designated as ineligible and eliminated from the analysis. Inclusion for cumulative incidence of LBP at F5 was additionally restricted to those with no LBP in any prior survey (ie, F0, F2 and/or F3). Cumulative incidence in other time periods was similarly defined.
Single predictor and multivariable robust Poisson regression models were constructed to determine the association of LBP with occupational and other factors in the same and prior surveys. Since the majority of our multivariable log-binomial models did not converge, robust Poisson regression modelling was used. 28 For uniformity of analysis technique and comparability, we used robust Poisson regression for the univariate models as well.
The modelling approach focused on estimating associations with LBP and on identifying potential confounders. The model building was based on first testing the prior hypothesis that lifting device frequency would be associated with LBP. Demographic characteristics from the current survey, as well as exposures and health behaviours from both the current and prior surveys, were then entered into the model.
Covariate inclusion criterion was p<0.05. Confounding was defined as a change of 20% or more in the computed risk estimate of the primary exposure, lift equipment usage frequency. Two-way effect modification between lift equipment usage frequency and other covariates was also assessed, with a p value of <0.05 being required for retention. Model fit was assessed with the quasi-likelihood information criterion (QIC) to determine the most appropriate models. SAS V.9.4 (SAS Institute, Cary, North Carolina, USA) was used for all statistical analyses.
RESULTS
The response rate to the F3 survey was 74% (n=1291) (figure 1). Eleven per cent (n=137) of respondents were eliminated due to current low back disease/spine problems or prior back surgery, yielding n=1154 eligible study participants.
The eligible respondents were mostly female (90.7%), with a mean age of 41.1 (SD=13.1) years, and a mean of 9.9 (SD=9.8) years seniority (table 1) . Forty-eight per cent were identified as white and 41% were African-American. About one-half (52%) of respondents had a college education. Almost 60% had never smoked, almost one-third had chronic disease, and 69% had a BMI above normal. Twenty-eight per cent reported engaging in intense exercise three or more times per week. The distributions of gender, age and race were almost identical to those of the total clinical workforce (unpublished data provided by the company).
There was a very slight decline in LBP prevalence from baseline (F0) through the 5-6-year (F5) follow-up survey (table 2) . LBP cumulative incidence varied between 17% and 24% during the same time period but without a clear linear trend. There was no association between incident LBP in F2 or F3 and frequency of lifting device use at F2.
Prevalent LBP at 2-year follow-up
Thirty-seven per cent of respondents (n=431) reported LBP at 2-year follow-up (F3). In single predictor robust Poisson regression models, prevalent LBP was higher in women, as well as in those with previous back injury and those who identified as single (table 1) . There was a small negative association with age. More frequent intense aerobic exercise appeared to be a protective health behaviour. The prevalence of LBP increased with occupational composite physical exposure score, psychological job demands, physical assault in the past 3 months and work-family imbalance. There was an inverse association with social support and work safety. Frequent lift usage and decision latitude were marginally protective.
In the multivariable model, LBP was positively associated with the composite physical exposure score, psychological job demands, physical assault in the workplace and prior back injury (table 3) . Frequent lift usage and social support acted as protective factors. The model also included intense aerobic physical exercise with an apparent exposure-response trend and age as protective factors. There was no association with any other exposure or health behaviour, including those from prior surveys. The crude coefficient for the effect of lifting device frequency was not substantially changed by the inclusion of any variable into the model. That is, there were no confounders. Additionally, no effect modifiers were found.
Incident LBP at 6-year follow-up
One hundred and one individuals in the four centres who were eliminated from the cohort at F5 were LBP-free at all prior surveys and hence missing from the incident LBP analysis. Nineteen individuals were lost to follow-up. Therefore, 228 (66%) of the cohort members who were LBP-free in at least one prior survey were assessed at 6-year follow-up (F5) (figure 1). All but 4% (n=10) of them had submitted a 2-year follow-up (F3) survey. The average follow-up time for these participants was 4.5 years (range 3.5-5.5 years).
Participants who were lost to follow-up or eliminated by design in F5 did not differ from those who were analysed at F5 in most demographic, health or occupational characteristics. Those who were missing at F5 were more likely to be African-American and to be current smokers. They had a slightly lower psychological job demands score and slightly higher decision latitude, social support, work safety and schedule control indices. Individuals not followed up also had a slightly higher mean work-family imbalance score (2.4 vs 2.2) and were more likely to report frequent lift device usage (65% vs 57%), in comparison to those who were followed up.
Fifty-one (22.4%) at-risk workers reported LBP in the 6-year follow-up survey. A multivariable model was fitted which showed an increased risk in those with high work-family imbalance at F5 (relative risk (RR) 1.82 (95% CI 1.12 to 2.98)), and a protective effect from dichotomised frequent lift usage at F3 (RR=0.39 (95% CI 0.18 to 0.84)). There was no association with other exposure or health behaviour variables at any survey period, including assault and work-family imbalance at F3; no confounding by measured covariates; and no effect modification identified.
DISCUSSION
In this longitudinal cohort of nursing home workers, prevalent LBP declined only minimally in the first 2 years following the company-wide SRHP intervention. At 2-year follow-up, LBP prevalence was higher in those with more exposure to physical and psychosocial occupational risk factors. There were apparent protective effects of intense aerobic exercise frequency and lift usage frequency. However, equipment use prior to this time did not appear to convey protection from back pain after 2 years. In contrast, incident low-back pain at 6-year follow-up was reduced by earlier frequent lift usage and was also higher with current work-family imbalance.
Our 74% response rate at 2-year follow-up was greater than the baseline response rates in several other surveys of healthcare workers 172930 and smaller than the response rate in one other. 19 Excluding those eliminated from the study by design at 6-year follow-up, the response rate among those who were LBP-free in prior surveys was 92%. This compares favourably with other published longitudinal or postintervention follow-up response rates, which range from 59% 17 to 99%. 31 The LBP prevalence observed in the current study (37-43%) is well within the wide range reported in other nursing populations. 5 As others have reported, prior LBP was a predictor of later pain. 3233 We retained this variable to be conservative, although its interpretation is ambiguous. Recurrence itself is not distributed uniformly; 34 it could serve as an indicator of past exposure, or it may represent a lowered pain threshold or pain tolerance.
High LBP persistence was noted here and has been observed in other nursing populations. For instance, approximately half of the nurses rated their LBP at a similar intensity over an 8-year period. 35 Similarly, Swedish nurses had a high recurrence of LBP over a 3-year period and the largest number of episodes (mean=3) among all examined occupations (both white and blue collar). 34 The most noteworthy result of this study is that frequent mechanical lift usage at 2 years postintervention was protective in preventing incident LBP about 4 years later. The fact that usage was assessed prior to the outcome in this longitudinal study gives credence to the association. The additional contribution of physical workload is also important. In addition to resident handling, nursing aides perform other tasks that load the low back, such as housekeeping and pushing and pulling loaded carts with food, medicine or other supplies. Andersen et al 36 also found that lower physical effort at work predicted lower LBP incidence. The effect of recent physical assault, while not reported by others, is consistent with our earlier findings. 23 Gold et al. No prior study that we could find has examined the effect of patient/resident handling devices on LBP for as many as 6 years postintervention. Our findings correspond well with a Markov cohort simulation model based on extant lift intervention studies. 37 This model showed that it might take 3-4 years or more postintervention to manifest reductions in LBP symptoms, and the maximum impact would occur 6 years postintervention. Our results similarly suggest that workers may not experience reduced LBP risk until 2-6 years postintervention.
The reasons for this delay are not clear and could encompass organisational learning and/or individual practices. In this study setting, the SRHP elements were put into effect rather quickly, but it may be that work practices took some time to become consistent. Frequent lift use increased slightly over the 5-year period reported here, and certain self-reported reasons for not using devices decreased in frequency. 38 There is some evidence that workers become more efficient and consistent in use of resident handling equipment over time. 203940 Obviously, further longitudinal research is indicated.
Frequent intense aerobic exercise was a protective factor against LBP in this population. Similar relationships have been reported by others for female nursing or healthcare workers generally, 29 although not always consistently. 6 There is also evidence of regular exercise having a protective effect for LBP in the general population. 41 An alternative explanation for our results is that those with LBP were less able to engage in aerobic physical activity due to their pain. Surprisingly, there was no association with BMI in this population.
Work-family imbalance was positively associated with incident LBP at F5. It is possible that this construct served in this population as a partial surrogate for psychosocial stress, physical exhaustion or inability to withdraw from work (an aspect of overcommitment, as in the Effort-Reward Imbalance Model). 42 
Strengths and limitations of the study
The most important limitation is the lack of a concurrent control group. The original study design had called for surveying centres before programme implementation, which was staggered over time, so this would have provided some control observations. However, the programme moved ahead more quickly than had been anticipated, so by the time questionnaires could be distributed, there were relatively few centres left for implementation, and surveys could only be distributed concurrently with the programme start date ('baseline').
Exposures in this study were self-reported, so measurement error is possible. Of particular concern would be if those with LBP overestimated their physical exposures, in which case the true effect sizes may be larger than estimated here. Although some cohort members were observed for quantitative assessment of physical load at work, 43 the number of persons observed was too small to compare with self-reported exposures. Hence, we cannot determine the direction of any possible bias in self-reported physical exposures. Similarly, self-reported lift usage frequency could be misclassified. However, as noted above, it is implausible that accuracy of self-reported lift usage at 2-year follow-up could be influenced by new LBP 4 years later.
Log-binomial models directly estimate the prevalence ratio. However, we opted to use robust Poisson regression modelling to estimate the prevalence ratio because of its better convergence properties. 28 This latter method gives slightly different estimates than the logbinomial model. 44 Another limitation is that there was no clinical examination or functional testing to assess LBP. Associations between particular clinical signs or syndromes and pain drawing characteristics are often weak. 4546 However, pain drawings have demonstrated test-retest reliability in patients with LBP. 47 Participants who were lost to follow-up or eliminated by design in F5 were substantially similar to those who were analysed at F5. However, these two groups differed slightly in some characteristics, which may have been relevant to the outcome. The higher mean workfamily imbalance score in those who were not followed up implies that a risk underestimation may have occurred. Also, since past studies have shown disproportionate leaving of work (or leaving in jobs with high ergonomic exposures) among those with musculoskeletal pain, this would tend to underestimate LBP incidence. This would additionally reduce statistical power for finding associations with secondary risk factors.
Owing to the study design, it is necessary to assume that pain reported for the first time in a survey is actually 'new' (incident) pain. This might not be true in a population with high occurrence and recurrence, such as nursing home workers. We have no way to test that assumption directly.
This study population had a nested structure (workers within facilities within a company). However, there was insufficient power to construct a random effects model with workplace as the higher level. It is unclear how much this would have influenced the results. In principle, uniform SRHP protocols and policies throughout the company should lessen the likelihood that the specific workplace would influence the effect of the intervention. On the other hand, in a subset of five of these facilities, differences in other practices and general work climate (communication, teamwork, supervisor support, agency staffing) were associated with the extent to which lifting devices were actually used and/or reduced biomechanical load. 43 We cannot exclude all competing risks from the incident LBP analyses. Not all back pain is work-related, even in such a heavily exposed population as nursing aides.
Finally, the turnover rate of clinical staff during the first 2 years of the study ranged from 22% to 30%. 48 Therefore, a 'healthy worker survivor effect' may have influenced the results, with underestimated effect sizes. (This might also explain the weak negative association between age and LBP.)
Particular study strengths were the large cohort that was enrolled, the good response rate in each survey and the 6-year postintervention follow-up interval. These strengths were not incidental; an exceptional degree of collaboration was required to provide long-term access to so many facilities and workers. In addition, the comprehensive survey instrument enabled the assessment of numerous potential confounders including demographic factors, medical history and personal health factors.
Conclusion
Use of resident lifting devices was found to reduce the occurrence of LBP symptoms in nursing home workers, 5-6 years after SRHP implementation. Frequent intense physical exercise and lower levels of other physical and psychosocial demands on the job also appear to protect against LBP. It may be several years before nursing homes and other healthcare facilities realise the full extent of desired results from comprehensive patient/resident handling programmes to prevent LBP.
What this paper adds
• Low back pain is prevalent among patient/resident handlers in healthcare settings.
• While many studies have examined compensation claims after introduction of safe resident handling programmes (SRHP), none have examined low back pain symptoms for as many as 6 years postintervention.
• Frequent mechanical lift usage at 2 years post-SRHP intervention appeared to be protective in preventing incident low back pain 5-6 years post-SRHP intervention.
• It may be several years before healthcare facilities observe reductions in staff low back pain after implementation of safe patient/resident handling programmes. 
